Introduction
============

The phrase "urban open space" can describe many types of open areas ([@B30]). One definition holds that, as the counterpart of development, urban open space is a natural and cultural resource, synonymous with neither unused land nor park and recreation areas. Another definition is that open space is land and/or water area with its surface open to the sky which has been consciously acquired or publicly regulated to serve conservation and urban shaping functions in addition to providing recreational opportunities ([@B39]; [@B49]). In modern cities, the benefits that urban open space provides to citizens can be separated into three basic categories: recreation, ecology, and esthetic value ([@B4]). Sound quality is considered to be a key part of the ecological/sustainable development of urban open spaces ([@B62]). However, the sound environment of urban open spaces is often not satisfactory because of a lack of consideration for human behavior during the planning and managing of the spaces ([@B34]). Therefore, research on the effect of perception of the sound environment on crowd behavior will be of importance to landscape research in this field. According to the International Standards Organization, a "soundscape" is defined as an acoustic environment as perceived/experienced in context ([@B19]). Behavior comes into play in soundscape assessment in that the activities and behaviors of surrounding people form a key facet of context.

Individual behaviors generally refer to the attitude or performance of a person in certain situations; their actions can be largely random, subject to the effect of the environment ([@B20]). In contrast, crowd behaviors refer to the attitude or performance of a crowd in an environment; they can be composed of certain regularities, subject to the effect of the environment ([@B58]; [@B55]). Thus, instead of individual behaviors, crowd behaviors are usually examined in studies on urban open spaces ([@B31]; [@B26]; [@B34]). [@B27] presented the following formula, which indicates the interaction between an individual and his/her environment: B = f (P, E), in which B represents behavior; P represents persons, including individuals and groups; and E represents the environment in which those persons live. Based on this formula, both users' social characteristics and local environment must be considered in human behavior studies. Previous studies pointed out that recreational behavior can be affected by users' cultural background, age, and different local areas ([@B11]; [@B44]; [@B15]).

Many different aspects of crowd behavior can be examined to draw conclusions. These can include characteristics of behaviors, such as movement and action ([@B51]); characteristics of movement, for example, characterized as movement or non-movement, with the former including passing by and walking around and the latter including sitting ([@B6]); and characteristics of actions, such as sitting, standing, watching, and loitering ([@B26]). The number of participants is also an important factor, that is, whether the behavior involves one person, two people, or multiple people ([@B20]); the intrinsic properties of such behaviors can also be examined, such as whether they are necessary, spontaneous, or social ([@B13]). The frequency and location of the behavior are also important, such as whether it is neighborhood or urban behavior ([@B6]). Additionally, factors such as crowd behavior in the sound environment, participation behavior, tendency behavior, avoiding behavior, and other behaviors which are not affected by the environment are all significant angles that reveal crucial information regarding crowd behaviors ([@B20]).

The sound environment can affect human perception, and human perception can influence crowd behavior in both indoor and outdoor spaces. For example, previous studies have demonstrated that environmental music affects the pace of shopping and amount of time spent in shopping malls ([@B38]). Other studies have also shown that eating and talking behavior can be affected by background music in dining spaces ([@B10]; [@B36]). In urban open spaces, studies have found that people who pass by will stop to stand and watch music-related activities, whereas the amount of exercising behavior will be changed a little by music-related activities ([@B34]). Another study indicated that the presence of music can prolong the duration of stay in a tunnel when compared with silence, and classical music caused the longest duration of stay ([@B1]). It has also been found that in the case of sound stimulation in the audio--visual environment of the countryside, study participants' gazing range was demonstrated to be significantly more dispersed than when no sound stimulation was present ([@B45]). Previous studies have mainly focused on the effect of the sound environment on one's action ([@B60]; [@B1]; [@B26]). However, studies on the effects of certain typical sound sources on crowd behaviors classified as movement or non-movement have been limited.

Musical sound is a common sound source in urban open spaces ([@B41]; [@B48]). Studies have shown that when people listen to music, their emotions fluctuate, and the effect is to change their behavior ([@B43]). Studies have shown that different languages, tempos, tones, and sound levels of music can cause different effects on emotions, mental activities, and physical reactions. Overall, languages and tempos are the two most important factors ([@B46]; [@B5]). Other studies have found that fast music is associated with more activation than slow music ([@B14]; [@B40]). For example, a study researching participants with headphones found that fast music increases walking speed, while slow music causes slower walking speeds ([@B12]).

The cited studies indicate that the sound environment can affect crowd behaviors; building on this finding, the present research focuses on the effects of music, an important soundscape element, on specific crowd behaviors, classified as movement, including passing by and walking around, or non-movement, including sitting. Previous studies indicate that path and speed are significant characteristics that describe movement behavior, while crowd density is important in describing non-movement behavior ([@B56]; [@B24]). Therefore, the aims of this study are to find out: (1) whether music can change the path or speed of passing by or walking around behavior; we hypothesize that the speed of passing by or walking around behavior will increase with music, the path of passing by behavior will shift closer to the music, and the area or perimeter of walking around behavior will decrease with the music, since some previous studies have pointed out that music-related activities can increase the speed of passing by or walking around behavior in some urban open spaces and (2) whether music can decrease or increase sitting behaviors in urban open spaces; we hypothesize that the sitting behavior will increase with decreasing distance of music, since eating and talking behaviors can be affected by music. An urban leisure square was chosen as the case site, and music was chosen. In addition, three typical behaviors were selected for further analysis at the case site, and on-site observations were used for data collection. To achieve the aim of the study, several different approaches were explored. First, this study examined the effect of music on the path and speed of passing by behavior. Second, it determined the effect of music on the path and speed of walking around behavior. Third, it observed the effect of music on the location of sitting behavior.

Materials and Methods {#s1}
=====================

Survey Site
-----------

Previous studies have indicated that an urban street is a kind of linear space, where people have little choice but for their paths to be confined to the pavement by buildings or motor vehicles ([@B18]). In contrast, an urban square is an "areal" type of space, where people are free to choose their direction and path of travel ([@B30]; [@B60]). In this study, a typical urban leisure square named "LANDSCAPE" square, located in Harbin, in Northeast China, was selected as the case site. Maps of the square and survey site can be found in **Figure [1](#F1){ref-type="fig"}**.

![The map of LANDSCAPE square and the case site: **(A)** location of LANDSCAPE square, **(B)** map of LANDSCAPE square, and **(C)** the survey site.](fpsyg-09-00596-g001){#F1}

This site was chosen for the following three reasons. First, it is located at the crossing of Changjiang Road and Hongxiang Road; roads are present on three sides of the square, and vegetation is found on the fourth side. The square's surrounding environment (determining its scale and format) resembles that of squares encountered in Europe and Japan ([@B2]; [@B53]), and thus has typicality. Next, the urban leisure square is nearly 100 m long and 70 m wide and covers an area of about 7000 m^2^, which is typical for modern cities ([@B7]). Finally, the square has various sports facilities and lush vegetation; thus, a large number of local residents visit the square and it is an important urban open space in this area for people to relax and interact. Overall, the square provides convenient conditions and the opportunity to gather a large number of samples to study crowd movement behaviors as well as non-movement behaviors.

Studies indicate that environmental changes, such as changes in temperature and humidity, influence subjective acoustic perception ([@B50]; [@B9]). To avoid the effects of these environmental factors, measurements were performed on workdays in May and September 2017. The mean monthly temperatures (18--26°C) and the relative humidities of these months are approximately the same. Other studies indicate that illuminance, which may also affect the perception or behaviors of users, changes with the time of day ([@B29]; [@B37]). Thus, in the present study, measurements were performed between 9:00--11:00 a.m. and 14:00--16:00 p.m. daily on workdays to avoid the effects of time of day on the light environment ([@B36]).

Sound Source
------------

In previous music studies, musical sound can be classified by sound level, tempo, genre, context, familiarity, and so on ([@B17]; [@B46]; [@B21]). Based on the method used in the experiment by [@B24], the music excerpts were designed to be "inclusive," "non-aversive," and sound good in a highly reverberant environment. In this study, a typically familiar pop song with lyrics, named "Free to Fly," was selected as the stimulus for intervention in the acoustic environment of the square; the tempo of this song is 120 bpm.

A loudspeaker was used as the sound source; its location is shown in **Figure [1C](#F1){ref-type="fig"}** (S means sound source). The loudspeaker location was chosen for the following three reasons. First, the music played by the loudspeaker can be clearly heard at any point in the square. Second, the distance between the loudspeaker and the walls and other major reflective surfaces was ensured to be at least 20 m ([@B59]). Finally, to avoid any influence caused by the visual presence of the loudspeaker, it was placed near the water feature fence to avoid identification. During the experiment, the musical excerpt and silence were reproduced cyclically ([@B17]; [@B5]). The sound level was 88--90 dBA, exceeding background sound level.

Measurement of Sound Environment
--------------------------------

Previous studies indicate that acoustic perception of urban open spaces can be affected by sound pressure level ([@B57]; [@B54]). Since the measurement time for the current study was 9:00--11:00 a.m. and 14:00--16:00 p.m., its crowd density was less than 0.05/m^2^; thus, the influence of the number of people on the square on the acoustic environment could be ignored ([@B33]). Therefore, acoustic environmental measurement was carried out point by point, not simultaneously.

To measure the sound environment, the area was divided into 6 m × 6 m units ([@B28]). The equivalent continuous A-weighted sound pressure level (*L*~Aeq~) was immediately recorded using an 801 sound-level meter after each observation was completed. During the measurement, the sound-level meter was adjusted to the slow speed ([@B22]). Additionally, the distance between the measurement location and walls and other major reflective surfaces was ensured to be at least 1 m, and the distance between the measurement location and the ground was 1.2--1.5 m ([@B3]; [@B59]). One measurement was performed every 10 s. The data for each location were recorded for 5 min. A mean value was calculated to obtain the corresponding *L*~Aeq~ ([@B61]).

The sound field in the urban open space can be seen in **Figure [2](#F2){ref-type="fig"}** (S means sound source). When there was no music sound source in the square, the background sound pressure level was 56.7 dB. When music was present, the sound pressure level at 2 m away from the music sound source was 88.3, or 31.6 dB higher than that without music. With the effect of musical sound source considered, the equivalent A-weighted sound pressure level reduced constantly with increasing distance in the square. From 2 to 12 m away from the sound source, the sound pressure level reduced at 18.3 dB; from 12 to 24 m away from the sound source, the sound pressure level reduced at 6.4 dB; and from 24 to 36 m away from the sound source, the sound pressure level reduced at 3.4 dB. The attenuation degree of the equivalent A-weighted sound level was mainly determined by the degree of enclosure for the space.

![The distribution of sound pressure level in the case site (S means sound source): **(A)** with music and **(B)** without music.](fpsyg-09-00596-g002){#F2}

Observation of Crowd Behaviors
------------------------------

In previous soundscape research, the investigation methods were classified as questionnaires and observations ([@B34]; [@B36]). The questionnaires mainly focused on subjective evaluation indexes such as sound comfort, subjective loudness, and sound preference. This study involves measurements of crowd movement and non-movement behaviors, including path, speed, location of the stop points, etc., which is difficult to assess by questionnaire interview; thus, observation was the method used. To avoid any biases in the observation process, this study used an unmanned aerial vehicle (UAV; [@B42]); the UAV was flown at a height of 100 m, since at that height, people on the square could not hear the noise of the UAV ([@B47]). The observations were made under completely natural conditions, and since the subjects generally did not know that they were being observed, their behaviors were genuine; thus, the results were more reliable.

Each video shot by the UAV lasted 20--25 min. Videos of 10--15 groups for every situation were shot to ensure stochastic behavior in the measurement ([@B32]). Meanwhile, one photograph was taken every 10 s. The behaviors of the subjects were then classified and analyzed statistically, based on the review of videos and photos in the laboratory.

Statistical Analysis of Crowd Behaviors
---------------------------------------

In this study, different samples were used for different behaviors, to capture the different times of collection of the behaviors. For instance, the period needed to collect two samples of passing by behaviors was the same as that for three samples of walking around behavior and of five samples for sitting behavior. In all, 51 samples were collected for passing by behavior: 26 samples (12 males and 14 females) without music and 25 (13 males and 12 females) with music; 84 samples were collected for walking around behavior, of which 43 samples (20 males and 23 females) were without music and 41 samples (20 males and 21 females) with music; and 123 samples were collected for sitting behavior, 63 without music and 60 with music. In preliminary study, it was found that proportions of males and females engaging in given behaviors at the case site are generally equal ([@B36]). In order to use the *T*-test to compare the samples, therefore, 24 samples (12 males and 12 females) without music and 24 samples (12 males and 12 females) with music were randomly selected for passing by behavior, 40 samples (20 males and 20 females) with music and 40 samples (20 males and 20 females) without music for walking around behavior, and 60 samples without music and 60 with music for sitting behavior.

In the present study, the power analysis was used to test sample sizes ([@B5]). The results showed that the power of samples for passing by behavior is 0.60, *p* = 0.04 with effect size 0.6; for walking around behavior, power is 0.77, *p* = 0.03, with effect size 0.6; and for sitting behavior, power is 0.87, *p* = 0.01 with effect size 0.6. This indicates that all samples were sufficient.

### The Path and Speed of Passing by Behaviors

To study the effect of music on the path and speed of passing by behaviors in urban open spaces, 48 samples, including 24 without music and 24 with, were selected for observation from the videos shot by the UAV. The locations of the entrances and exits are shown in **Figure [3](#F3){ref-type="fig"}**. In previous studies, the path was represented by a set of dots, and each dot was considered a relatively independent process ([@B56]). The entire process of passing by behavior was thus viewed as a collection of data flows between the many dots. As revealed in **Figure [3A](#F3){ref-type="fig"}** using passing by behavior as an example, the path points were labeled with round dots representing the subject's position as observed every 10 s in the photography taken by the UAV. Thus, as **Figure [3B](#F3){ref-type="fig"}** shows, the path was in turn conceived by connecting all of the points.

![The calculation process of speed of passing by behavior: **(A)** path points of passing by behavior and **(B)** path of passing by behavior.](fpsyg-09-00596-g003){#F3}

The calculation process of the mean speed was as follows ([@B31]; [@B56]):
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where Δ*Ln* is the distance of dot Cn and dot Cn+1, Δ*Tn* is the time of dot Cn and dot Cn+1, *Vn* is the mean speed of distance of dot Cn and dot Cn+1, and mean speed: Δ*V* = (*V*1 + *V*2 + *V*3...... + *Vn*)/*n*.

The mean speed was a superimposition of data from 24 samples (with or without music). The unit was m/s.

### The Path and Speed of Walking Around Behaviors

To study the effect of music on the path and speed of walking around behaviors in urban open spaces, 80 samples, including 40 samples without music and 40 samples with music, were selected for observation from the videos shot by the UAV. Based on the observations, the paths of walking around behavior were classified into four types. The data from each walking behavior were calculated as the mean of five occurrences, since previous studies indicate that the error of the mean of more than or equal to five times could be ignored. The calculation process for mean speed of walking behavior was the same as with passing by behavior. The results were the superimposition of data from 10 samples for each kind of path. The units used included m^2^ (area), m (perimeter), and m/s (speed).

### The Crowd Density of Sitting Behaviors

To study the effect of music on the crowd density of a non-movement behavior in urban open spaces, crowd location was measured using the same photography method. Using sitting behavior as an example, one photograph shot by the UAV was selected every 2 min ([@B52]; [@B33]). In the laboratory, the locations of the crowd in the picture were labeled with round dots, and a 6 m × 6 m grid was used. The value obtained was divided by the measurement area to determine a mean value of crowd density as the average number of persons per square meter. The unit used for measurement was persons/m^2^. A total of 60 samples with music and 60 samples without music were used. The unit used for measurement was persons/m^2^ ([@B37]).

Results
=======

Effects of Music on Movement Behavior: Passing by Behavior
----------------------------------------------------------

### Path

This section addresses the effects of music on the path of passing by behavior, which is shown in **Figure [4](#F4){ref-type="fig"}**, both with and without background music; the squares with different colors in **Figures [4A,B](#F4){ref-type="fig"}** indicate the numbers of users passing by, from 0 to 24 persons.

![Effect of music on path of passing by behavior in the case site: **(A)** path without music, **(B)** path with music, **(C)** number of persons per grid without music, and **(D)** number of persons per grid with music. The dotted line indicates the boundary of passing by behaviors. The squares with different colors mean the numbers of passing by users, from 0 to 24 persons.](fpsyg-09-00596-g004){#F4}

#### Without background music

As **Figure [4A](#F4){ref-type="fig"}** shows, 79.2% of people with passing by behavior selected a relatively short walking path. One possible reason for this is that when moving with a clear goal, passers-by often tended to choose the shortest path. This is usually a straight line approximately toward the goal, unless there is an obstacle ([@B13]; [@B6]). It was found that 20.8% of people engaging in passing by behavior selected a relatively longer walking path, and even that 8.3% of them walked near the edge of the square. The areas covered by passing by behaviors were approximately 1436 m^2^.

#### With background music

As **Figure [4B](#F4){ref-type="fig"}** shows, 0% of people with passing by behavior walked near the edge of the square, and 87.5% of them selected the relatively shorter path to walk; 12.5% of people with passing by behavior passed by the square while walking close to the sound source. The areas covered by passing by behaviors were approximately 876 m^2^.

The area of passing by behavior, both with and without background music, is marked in **Figure [4C](#F4){ref-type="fig"}**, for the number of persons per grid without music, and **Figure [4D](#F4){ref-type="fig"}**, with music. Comparing these two group of numbers, it can be seen that the path boundaries, with and without background music, were generally significantly different, with independent-samples *T*-test *t* = 0.848, *p* = 0.018, and effect size = 0.412. The number of observations of people with passing by behaviors with a relatively short path close to the music sound source in the square was 8.3% higher with background music than without. Passing by behaviors near the edge of the square with background music were zero when compared to the square without background music. Passing by behaviors closer to the music sound with background music were 12.5% higher when compared to the square without background music. The areas covered by passing by behaviors can also be reduced with music. This means that the presence of music caused people to be more centralized and walk closer to the sound source when passing by.

### Speed

In terms of the speed of the passing by behavior, the square was considered both with and without background music.

#### Without background music

The mean speed of the walking around behavior in the square was 1.30 m/s. The minimum speed was 1.09 m/s, and the maximum speed was 1.57 m/s.

#### With background music

The mean speed of the walking around behavior in the square was 1.30 m/s. The minimum speed was 1.06 m/s, and the maximum speed was 1.59 m/s.

The mean speed of the passing by behavior in the square with music was generally not significantly different from that of without music, with independent-samples *T*-test *t* = -0.208, *p* = 0.836, and effect size = 0.032.

Furthermore, exploring gender effects indicated that the path and speed of the passing by behavior for males and females, with and without background music, were generally not significantly different, with *T*-test *t* = 0.132, *p* = 0.732, and effect size = 0.051.

Effects of Music on Movement Behavior: Walking Around Behavior
--------------------------------------------------------------

### Path

This section addresses the effects of music on the path of walking around behavior. Previous studies indicate that the paths from movement behavior are not random, but rather they are regular and directional. In this case, the users' paths in the square were influenced by environmental factors. Thus, based on the observations, the paths of walking around behavior were classified into four categories according to the location of boundaries and the water feature fence in the square. As **Figure [5](#F5){ref-type="fig"}** shows, path "a" represents walking around the fountain; path "b" implies walking around the fountain and tree pool A; path "c" represents walking around the boundary of the square except tree pool B; and path "d" implies walking around the boundary of the square including tree pool B. There were significant differences between the four paths, and therefore they were separated for a comparative analysis in which the square with and without background music was considered.

![Four kinds of paths of walking around behavior.](fpsyg-09-00596-g005){#F5}

#### Without background music

As **Figure [6A](#F6){ref-type="fig"}** shows, the mean areas of the paths from walking around behavior in the square were 1535 (a), 3024 (b), 4668 (c), and 5259 m^2^ (d). As **Figure [6B](#F6){ref-type="fig"}** shows, the mean perimeters of the paths from walking around behavior in the square was 137 (a), 181 (b), 252 (c), and 274 m (d).

![Effect of music on path of walking around behavior with and without music in the case site: **(A)** area and **(B)** perimeter.](fpsyg-09-00596-g006){#F6}

#### With background music

As **Figure [6A](#F6){ref-type="fig"}** shows, the mean areas of the paths from walking around behavior in the square were 1038 (a), 1973 (b), 4311 (c), and 5338 m^2^ (d). As **Figure [6B](#F6){ref-type="fig"}** shows, the mean perimeters of the paths from walking around behavior in the square were 113 (a), 160 (b), 243 (c), and 278 m (d).

The results indicated that the mean areas of walking around behavior in the square with background music were 32.36 (a), 30.74 (b), 7.66 (c), and 4.30% (d) smaller than that of the square without background music. Comparing the cases with and without background music indicated that the mean perimeters of walking around behavior in the square with background music were 17.34 (a), 15.14 (b), 3.68 (c), and 1.54% (d) smaller than that of the square without background music.

The ANOVA test was used to analysis the significance among music, category, and characteristics of walking around behavior, as shown in **Table [1](#T1){ref-type="table"}**.

###### 

ANOVA test for music, category, path and speed of walking around behavior.

  Factor   Variables   Mean        *SD*         *F*       Sig.    Effect size
  -------- ----------- ----------- ------------ --------- ------- -------------
  Path     A0          3621.9443   1524.38340   177.963   0.000   0.937
           A1          3165.3397   1794.34592   248.789   0.000   0.954
           P0          211.5420    57.27472     224.300   0.000   0.949
           P1          199.1993    67.67651     296.166   0.000   0.961
           S0          1.4300      0.16733      0.647     0.590   0.051
           S1          1.1403      0.17839      0.090     0.965   0.007
  Music    Aa          1286.7890   350.52975    20.195    0.000   0.529
           Ab          2498.7895   700.22086    26.140    0.000   0.592
           Ac          4490.0245   567.88599    2.100     0.165   0.104
           Ad          5298.9650   245.73979    0.499     0.489   0.027
           Pa          125.2505    15.48015     29.500    0.000   0.621
           Pb          171.1615    17.66377     9.909     0.006   0.355
           Pc          248.2220    19.45561     1.158     0.296   0.060
           Pd          276.8485    8.06845      1.419     0.249   0.073
           Sa          1.2835      0.21607      8.339     0.010   0.317
           Sb          1.3075      0.25367      21.037    0.000   0.539
           Sc          1.2620      0.20776      13.300    0.002   0.425
           Sd          1.2875      0.23637      12.503    0.002   0.410

A, area; P, perimeter, S, speed; a, b, c, and d, four categories; 0, without music; 1, with music.

Compared with walking around behavior, with music and without, there were significant differences in areas at categories a and b, with ANOVA *p* = 0.000 and effect size = 0.592 (a) and 0.529 (b); and there were no significant differences in areas at categories c and d, with ANOVA *p* = 0.165 (c) and 0.489 (d) and effect size = 0.104 (c) and 0.027 (d). Similarly, there were significant differences in perimeters at categories a and b, with ANOVA *p* = 0.000 (a) and 0.006 (b), and effect size = 0.621 (a) and 0.355 (b), and no significant differences in perimeters at categories c and d, with ANOVA *p* = 0.296 (c) and 0.249 (d), and effect size = 0.060 (c) and 0.073 (d). A possible reason for these results in categories a and b is that the crowd may have tended to move toward sound stimuli and then walk around at a shorter distance away from the music; this is then similar to the results found for passing by behavior. Compared with categories a and b, a possible reason for the results in categories c and d is that the crowd at categories c and d was relatively far away from the music sound source and therefore the effect of music was not significant in these situations.

### Speed

The mean speed of the four paths was analyzed first. The maximum difference of mean speeds among the four paths was 0.26 m/s without background music and 0.19 m/s with background music. It can be seen, from **Table [1](#T1){ref-type="table"}**, that the speed of the paths in walking around behavior with background music was significantly slower than without background music in the four categories, with ANOVA *p* = 0.010 (a), 0.000 (b), 0.002 (c), and 0.002 (d), and effect size = 0.317 (a), 0.539 (b), 0.425 (c), and 0.410 (d). There were no significant differences between the four categories, with ANOVA *p* = 0.590 (without music) and 0.965 (with music), and effect size = 0.051 (without music) and 0.007 (with music). Therefore, the paths were merged to analyze the speed of walking around behavior. **Figure [7](#F7){ref-type="fig"}** shows the speed of walking around behavior in squares with and without background music.

![Effect of music on speed of walking around behavior with and without music in the square.](fpsyg-09-00596-g007){#F7}

#### Without background music

The mean speed of the paths for walking around behavior in the square was 1.43 m/s. The minimum speed was 1.15 m/s, and the maximum speed was 1.74 m/s.

#### With background music

The mean speed of the paths for walking around behavior in the square was 1.14 m/s. The minimum speed was 0.93 m/s, and the maximum speed was 1.49 m/s.

Furthermore, exploring gender effects indicated that the path and speed of walking around behavior for males and females, with and without background music, was generally not significantly different with *T*-test *t* = 0.211, *p* = 0.932, and effect size = 0.005.

Effects of Music on Non-movement Behavior: Sitting Behavior
-----------------------------------------------------------

This section addresses the effects of music of sitting behavior on crowd density. According to the statistical analyses, the number of those exhibiting sitting behavior ranged from 0 to 30. The relationship between crowd density and distance away from the music sound source in the square is shown in **Figure [8](#F8){ref-type="fig"}**, where the solid line means 0--10 persons, the dotted line means 11--20 persons, and the chain line means 21--30 persons, along with the linear regression and the coefficient of determination *R*^2^. Results for observations with and without background music are discussed.

![Relationship between crowd density of those with sitting behavior and distances away from music sound source in the square: **(A)** with music and **(B)** without music, where the solid line means 0--10 persons, the dotted line means 11--20 persons, and the chain line means 21--30 persons.](fpsyg-09-00596-g008){#F8}

### Without Background Music

As **Figure [8A](#F8){ref-type="fig"}** shows, there were no significant differences in sitting behavior by distance away from the music sound source, with linear regression *R*^2^ of 0.014 (0--10 persons), 0.012 (11--20 persons), and 0.021 (21--30 persons) and *p* \> 0.1. The results indicated that sitting behavior remained randomly distributed over the case site with the increase of crowd density, and was generally not changed with different distance of sound sources. When the number of persons engaged in sitting behavior ranged from 0 to 10, 11 to 20, and 21 to 30, the crowd densities were respectively about 0.46, 1.27, and 1.96 persons/m^2^ within 15--20 m of the music sound source, and generally the same at 25--30 and 35--40 m.

### With Background Music

It can be seen that sitting behavior increased with decreasing distance away from the music sound source, with linear regression *R*^2^ of 0.404 (0--10 persons), 0.875 (11--20 persons), and 0.785 (21--30 persons) and *p* \< 0.001. It can be seen from **Figure [8B](#F8){ref-type="fig"}** that the crowd of persons engaged in sitting behavior decreased with increasing distance of music sound source. When the number of those exhibiting sitting behavior ranged from 0 to 10, the crowd densities were 0.89 persons/m^2^ within 15--20 m of the music sound source, 0.56 persons/m^2^ within 25--30 m, and 0.41 persons/m^2^ within 35--40 m. When the number of those exhibiting sitting behavior ranged from 10 to 20, the crowd densities were about 1.82 persons/m^2^ within 15--20 m of the music sound source. When the number of those exhibiting sitting behavior ranged from 20 to 30, the crowd densities were about 2.95 persons/m^2^ within 15--20 m of the music sound source. One possible reason for these results is that the frequency of the music heard is reduced as the distance from music sound source is increased. It is interesting to note that when the numbers exhibiting increase in sitting behavior, the inclination of the three corresponding linear trend curves fell faster. For example, when the number of those with sitting behavior ranged from 0 to 10, crowd density in the square with background music was reduced by 0.12 persons/m^2^ for every 5 m away from the source; when that number ranged from 20 to 30, crowd density was reduced by 0.28 person/m^2^ every 5 m.

The comparison reveals that the crowd density of those exhibiting sitting behavior in the square with background music was higher than that without background music, when the distance to sound source was relatively shorter, while the crowd density of sitting behavior in the square with background music was lower than that without background music, when the distance was relatively long. For example, when the number of those with sitting behaviors ranged from 20 to 30, at 15--20 m away from the music sound source, crowd density was 0.99 persons/m^2^ higher with background music than without, while at 35--40 m away from the music sound source, crowd density of those with sitting behaviors with background music was 0.99 persons/m^2^ lower than without.

Discussion
==========

The purpose of the present study was to explore the effect of music on movement behaviors, such as passing by behavior and walking around behavior, and non-movement behaviors, such as sitting behavior, in urban open spaces.

Regarding the effect of music on passing by behavior, as discussed in Section "Effects of Music on Movement Behavior: Passing by Behavior," the speed of passing by behavior was generally not significantly affected by music, while the path of passing by behavior shifted closer to the music sound source. This is in contrast to [@B24], who found that when music was deployed, people's walking speed through the other open spaces was slower. One possible reason for this is that the aims of passing by behavior are different in the two studies. In [@B24] study, the users are just intending to walk in the street. Some previous studies have pointed that when walkers do not have a clear purpose, their speed can be changed by landscape or environmental factors ([@B6]; [@B20]; [@B55]). In contrast, in the present study, the users are passing to go to work or school, and thus have a clear purpose, making it reasonable that the speed of their behavior was not affected by the background music. An investigation among students also pointed out that visual differences do not change the speed of going to school ([@B10]). As for the effect of sound on path of passing by behavior, some previous studies have indicated that some animals and people will change their path to be far away from traffic noise ([@B23]; [@B25]), whereas in the present study, it can be seen that the path of the crowd can be changed to be nearer the music. These results reinforce that behaviors can be effectively changed using the urban soundscape ([@B17]; [@B22]).

Regarding the effect of music on walking around behavior, as discussed in Section "Effects of Music on Movement Behavior: Walking Around Behavior," the area, perimeter, and speed of the walking around behavior decrease with music. This result was the same as another study in which crowd behavior tended to move toward music ([@B20]). It is also interesting to note that a third study found that the children have different play behaviors with increasing distance from music ([@B16]). In addition, the difference by the presence or absence of background music decreased as the area and perimeter increased. This was different from the effect of music on speed of passing by behavior, as the mean speed during walking around behavior with background music in the square was 0.29 m/s slower than without background music. These results show once more that behaviors without aims can be changed by environmental and landscape factors ([@B6]; [@B20]; [@B55]). Therefore, it can be concluded that the music drew people closer to the sound source and slowed their speed of walking. These results were the same as those found by [@B24] for other urban open spaces. A possible reason for this is that when hearing background music, users feel more comfortable; thus, their speed of walking around slows. Another reason may be that the presence of background music improves the feeling of safety in the environment; thus, background music contributes to building an urban slow space, which is more suitable for residents' health ([@B56]).

Third, regarding the effect of music on the crowd density of those exhibiting sitting behavior, as discussed in Section "Effects of Music on Non-movement Behavior: Sitting Behavior," when there was no music, there was no significant difference in density no matter how close to the sound source they were located. However, as the distance from the sound source increased, crowd density of those with sitting behavior decreased accordingly. Some previous studies have pointed that when there is no music, there is no significant difference in the crowd density of those with sitting behavior in indoor spaces such as railway stations and underground shopping streets ([@B8]; [@B35]). In urban open spaces, [@B34] also found that human sound-related activities generally have little effect on the sitting behaviors of pedestrians. On the effect of music, this result proves once more the finding that music-related activities increased the number of persons who passed by who stood and watched ([@B34]). As with music, users can also be attracted to a location by some nature sounds, such as sounds of bird or water ([@B29]). Some previous studies have also pointed that the acoustic perception of music is usually more salient than that of nature sounds ([@B1]); this may lead to the different changes in sitting behaviors.

There are a number of possible implications for the applied value of the present study. Certain soundscapes, such as some music, may lead pedestrians to different paths in urban open spaces; it will be useful in landscape design to further investigate ways to lead walkers to suitable paths in gardens, for instance. Moreover, in leisure spaces such as parks, music can be used to decrease the speed of users and help them enjoy the landscape carefully. Furthermore, in rest areas in squares, a public-address system can be used to broadcast music to increase non-movement behavior, which can effectively increase interactions of citizens.

As demonstrated in the literature review, there are many classifications of musical sounds; however, only typical musical sounds were used in this study. In future studies, different tempos, genres, contexts, and levels of familiarity of musical sounds could also be investigated for comparison. Also, the location of the sound source was fixed in the present study; it can be seen from other studies that different locations of sound sources may lead to varying acoustic perceptions ([@B22]). Therefore, in future studies by the present authors, different locations of music sound sources will be designed to find out their different effects on behaviors. Regarding movement and non-movement behaviors, only their speed and path were investigated in this work, whereas some previous studies have also pointed that characteristics of these behaviors such as duration and location also have effects that will be important for landscape design and urban planning ([@B26]); therefore, in future studies, the present authors will further explore and explain these factors also.
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